emission spectrum to be continuously monitored. The combination of a waveplate and a polarization-sensitive beamsplitter is used to adjust the transmitted laser power. The function of the acousto-optical modulator (AOM) is to control the radiation on/off regimes. The telescope expands the beam to completely fill the objective aperture. A CCD camera enables online observation of the process.
The 2PP process may be used to create 3D devices from hybrid materials such as Ormocers, which contain strong covalent bonds between the inorganic and organic components. During synthesis of this material, the inorganic components (e.g., alkoxysilane precursors) crosslink and form an inorganic network through the condensation of organically-modified silicon alkoxide groups. Light, thermal, or redox processes can crosslink the organic components (e.g., methacrylate groups). Crosslinking between the inorganic groups and the organic groups provides Ormocers with exceptional chemical and thermal stability.
Continued on next page
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The 2PP technique provides several advantages over conventional processing in the scalable mass production of medical devices. 2 First, the raw materials are widely available and inexpensive. Second, 2PP equipment can be set up in a conventional clinical environment that does not contain cleanroom facilities, such as an operating room. Third, 2PP fabrication of ossicular replacement prostheses is a rapid, single-step process, as opposed to conventional multiple-step techniques.
Microneedles are a promising option for drug delivery. 3 By reducing the dimensions of the device, damage at the injection site and pain to the patient may be diminished. The flexibility of the 2PP process allows rapid fabrication of microneedles with different designs. 4 For example, the best-known blooddrawing device created by nature is the mosquito fascicle. The microstructures on the sides of mosquito needles are partly responsible for the ease of insertion into the skin. Figure 2 presents scanning-electron-microscope images of a hollow microneedle array and a microneedle that mimics the mosquito fascicle, both fabricated by 2PP of Ormocer. In addition, we have produced off-center microneedles by adjusting the position of the channel relative to the central axis. 5 During in vitro studies, Ormocer microneedle arrays penetrated porcine tissue surfaces without fracture. 5 Furthermore, cell proliferation studies suggest that Ormocer R materials processed using 2PP do not impair cell viability or cell growth processes. 4, 5 Figure 3 contains an optical micrograph of an ossicular replacement prosthesis fabricated using 2PP. 6 The conical structures on the head of the prosthesis are intended to improve cell adhesion, reduce device migration, and decrease the likelihood of tympanic membrane perforation. Prostheses may be fabricated using a patient-specific geometry to maintain a small angle between the stapes, a middle ear bone, and the prosthesis, which is associated with piston-like movement; to place the prosthesis on the center of the footplate of the stapes to minimize rotation; and to properly align the prosthesis with respect to the surrounding middle-ear structures.
The 2PP process is able to create microstructured medical devices with a larger range of sizes, shapes, and materials than conventional microfabrication techniques. Further studies on the processing of biodegradable polymers, bioactive ceramics, and other classes of biomaterials using 2PP are in progress.
